Influence of dough freezing on Saccharomyces cerevisiae metabolism by Pejin Dušanka J. et al.
Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci., Matica Srpska Novi Sad,
¥ 113, 293—301, 2007
UDC 664.642:664.8.037:582.282.23
Dušanka J . Pejin , Irena S . Došanoviã ,
Stevan D . Popov , Zvonimir J . Suturoviã ,
Jovana A . Rankoviã , Siniša N . Dodiã ,
Jelena M . Dodiã , Vesna M . Vuåuroviã
Faculty of Technology, Bulevar Cara Lazara 1, 21000 Novi Sad, Srbija
INFLUENCE OF DOUGH FREEZING ON
SACCHAROMYCES CEREVISIAE METABOLISM
ABSTRACT: The need to freeze dough is increasing in bakery production. Frozen
dough can be stored for a long time without quality change. The capacity of bakery produc-
tion can be increased in this way, and in the same time, the night shifts can be decreased.
Yeast cells can be damaged by freezing process, resulting in poor technological quality of
dough after defrostation (longer fermentation of dough).
The influence of frozen storage time of dough on survival percentage of Saccharo-
myces cerevisiae was investigated. Dough samples were taken after 1, 7, 14 and 28 days of
frozen storage at –20°C. After defrosting, at room temperature, samples were taken from
the surface and the middle part of dough (under aseptic conditions), and the percentage of
living S. cerevisiae cells was determined. During frozen storage of dough, the number of li-
ving S. cerevisiae decreased. After 28 days of frozen storage, the percentage of live cells on
the surface and inside the dough was 53,1% and 54,95%, respectively. The addition of
k-carragenan to dough increased the percentage of living cells in the middle part of dough
up to 64,63%. Pure cultures, isolated from survived S. cerevisia cells in frozen dough by
agar plates method (Koch's method), were multiplied in optimal liquid medium for yeasts.
The content of cytochromes in S. cerevisiae cells was determined by spectrophotometric
method. The obtained results showed that the content of cytochromes in survived S. cerevi-
siae cells was not affected by dough freezing process. Growth rate and fermentative activity
(Einchor's method) were determined in multiplied cells.
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INTRODUCTION
Freezing and storage in the frozen state leads to decreased viability and
fermentative activity of yeast cells (B e r g l u n d et al., 1991). M a z u r (1963)
reported that a number of factors affect damage, and it depends on whether ice
is formed intracellularly (high freezing rates), or extracellularly (lower freezing
rates). It was concluded that freezing regimes affect strongly the loss of cell
viability. Cells are damaged during the freezing process, while the defrosting
293regime affects insignificantly the survival of yeast cells. Yeast cell metabolism
decreases drastically at low temperatures; therefore, long term storage of cells
is possible.
High survival level can be achieved by appropriate freezing process: sur-
vival about 95% (J a nkoviã e t al., 1999), or even 100% (P e j i n, 1989).
Freezing of yeast suspension in water affects decreased fermentative activity.
The decrease of fermentative activity is lower when yeast is frozen in starch
dough (B e r g l u n d, 1988).
M a y e r s and A t t f i e l d (1999) consider that the loss of yeast cell
viability is affected by freezing of intracellular water, resulting in damage of
cytoplasmatic membrane and increase of components in the cytoplasma. This
can affect decrease of pH value, increase of dry matter content, and decrease
of glycolytic enzymes activity in the cytoplasma.
According to G a o and C r i t s e r (2000), if the loss of water during
freezing is higher than the critical moisture content, the proteins and cyto-
plasmatic membrane are irreversibly denaturated, and this can cause the death
of cell. The denaturation of cell parts can be caused by: concentration increase
of some ions, change of pH, and hydratation decrease of macromolecules in
the cytoplasma. The fermentative activity of yeast in frozen dough is lower by
30—35%, compared to the control (M i k i n å i ã - P e š u t, 1989). Yeast resi-
stance during freezing is affected by duration of dough fermentation before the
freezing process, freezing and defrosting rate of dough, frozen storage time,
and temperature oscillations during storage (G i a nnou e t al., 2003).
Several ways of decreasing the effect of freezing and frozen storage on
yeast survival and fermentative activity can be found in recently presented pa-
pers, even on improving characteristics and quality of frozen dough and ob-
tained bakery products: addition of hydrocolloids, lower water content in pre-
pared dough, higher amount of yeast, compared to the traditional production,
and shorter dough fermentation before freezing (G i a nnou e tal., 2003), use
of instant yeast (A b d E l - H a d y et al., 1999), use of cryotolerant and/or
cryoresistant strains of bakery yeast (T a k a n o et al., 2002), use of modified
yeast strains (T a nghe e tal., 2000; V a n D i j c k et al., 2000; T e n n i s -
s e n et al., 2002).
The aim of the research presented in this work was to investigate the
possibility of kapa-carragenan use to protect the yeast cells during freezing of
dough. k-carragenan-hydrocolloid — is biochemically inert, and can modify
the dough structure, bind the free water and control water migration in the
dough (R i b o t t a et al., 2004; Ÿ eÿelj ,2005). Binding and immobilization
of water decreases the ice crystal formation, and also the damage of glutene
and yeast cells (S h a r a d a n a n t and K h a n, 2003b). This is significant
from the standpoint of production of bakery products from frozen dough.
MATERIAL AND METHODS
Average quality commercial T-500 flour was used for the production of
dough, which was frozen later. Quality characteristics were analyzed according
294to the Regulations on methods of physical and chemical analyses for quality
control of wheat, milling and bakery products, pasta and fast frozen dough
(Yugoslav Official Register, No 74/1988).
Dough intended for freezing was prepared according to the following pro-
cedure: flour + water + bakery yeast (2,5% calculated on flour), placed in the
spin kneading machine with helical agitators, and mixed for 10 min at 85 rpm
(control). Aiming to investigate the effect of hydrocolloids on yeast, during
freezing of dough, k-carragenan (Fluka AG, Buch, Switzerland) was added as
a component into the dough prepared according to the described procedure.
The temperature of mixed dough was 20 ± 1°C (K e n n y et al., 2001).
The dough was divided into portions, formed without fermentation in mass
( B a r c o n a s et al., 2003), frozen at –35 ± 1°C until –12 ± 1°C was reached
in the centre of the sample (freezing chamber KOMA, the Netherlands), accor-
ding to producer's recommendations. The frozen dough portions were packed
in PVC bags, and stored at –20 ± 1°C (chamber KOMA), for 1, 7, 14 and 28
days. The samples were defrosted at +4 ± 1°C for 12 hrs, and for additional
1,5 hr at +20 ± 1°C. The number of living Saccharomyces cerevisiae cells was
determined according to the method given in the Rulebook on methods of per-
forming microbiological analyses and superanalyses of food products (Yugo-
slav Official Register No 25, 1980). Pure cultures were transferred into the
liquid nutritive medium for yeasts (M i h a j l o v i ã, 1983). Specific growth
rate, and fermentative activity according to Einhorn (R e i f f et al., 1960),
were determined in regular time intervals, during 24 hrs. The content of
cytochromes was determined by method according to O u r e and S u o m a -
l a i n e n (1970), with the aim of determining the respiration intensity.
RESULTS AND DISCUSSION
Number and percentage of survived S. cerevisiae cells in frozen dough
are presented in Table 1. During frozen storage of dough for 28 days, the per-
centage of living cells from dough surface is 53,11%, and from the centre
54,95%. Comparing these results, it is quite clear that the cells in the centre of
the dough are protected from low temperature, and the number of survived
cells is higher. In dough samples, prepared with addition of k-carragenan, in
concentrations 0,1, 0,3 and 0,5%, the number and percentage of survived cells
increases both on the surface and in the centre. In dough with 0,5% a k-carra-
genan, the percentage of survived cells on dough surface is 61,23%, by 8,12%
higher compared to the control sample. In the centre 64,63% cells survived,
about 10% more compared to the control.
295Tab. 1 — Number and percentage of survived Saccharomyces cerevisiae cells in frozen dough
samples with different content of k-carragenan during storage
k-karagenan
content (%)
Number of living cells x 104 in 1g of dough Survirval
percentage
cells
Days of keeping at –20 ± 1°C (dani)
0 1 7 14 28
on surface
0,0
in the middle
2350
2475
2060
2380
1562
2123
1438
1520
1248
1360
53,11
54,95
on surface
0,1
in the middle
2240
2460
2090
2110
1525
1677
1498
1570
1095
1348
48,88
54,80
on surface
0,3
in the middle
2320
2450
1990
2050
1572
1648
1490
1550
1345
1525
57,97
62,33
on surface
0,5
in the middle
2270
2460
2100
2030
1700
1850
1425
1630
1390
1590
61,23
64,63
Tab. 2 — Specific growth rate of pure Saccharomyces cerevisiae cultures, isolated from frozen
samples: the control dough and dough containing k-carragenan
Days of
keeping
at –20°C
Place of cell
sampling
m-Specific growth rate (h—1)
Without k-karagenan With k-karagenan
0—4 0—24 0—4 0—24
0
on surface 0.6074 0.1425 0.6575 0.1430
in the middle 0.5678 0.1452 0.6441 0.1420
1
on surface 0.5756 0.1510 0.6471 0.1390
in the middle 0.5269 0.1540 0.6427 0.1380
7
on surface 0.5175 0.1420 0.6307 0.1370
in the middle 0.5100 0.1300 0.5832 0.1360
14
on surface 0.5165 0.1350 0.5833 0.1300
in the middle 0.5099 0.1300 0.5175 0.1260
28
on surface 0.5170 0.1340 0.1813 0.1300
in the middle 0.4946 0.1300 0.0965 0.1360
Specific growth rates were calculated according to the method by P e j i n
(1989), using the data on content of dry matter determined during multiplica-
tion on liquid nutritive medium, under intensive aeration, during 24 h, at 30°C.
Analyzing the results from Table 2, it can be seen that the growth of yeast
cells is very intensive during the first four hours. It is also interesting to men-
tion that the specific growth rate of cells, isolated from dough surface, is hig-
her than of cells isolated from the centre of sample. The specific growth rate
of pure S. cerevisiae culture decreases with longer storage of frozen dough. In
fresh state, the specific growth rate of yeast cells was 0,6047  h—1, during the
first 4 hours of cultivation, and after frozen storage of dough at –20°C, for 28
days, it was 0,517  h—1. The mean specific growth rate was calculated after
24 hrs of multiplication, and the obtained values showed that the specific
growth rate of pure S. cerevisiae cultures decreases constantly with longer fro-
296zen storage of dough. The mean specific growth rate decreases by about 10%,
during 28 days of storage at –20°C.
The addition of hydrocolloid k-carragenan affects positively the specific
growth rate of pure cultures isolated from frozen dough samples with addition
of 0,5% of k-carragenan. In dough samples, stored for 14 days in frozen state,
no significant decrease of specific growth rate, during the first four hours of
cultivation was estimated. However, the specific growth rate of pure cultures
isolated from dough, kept for 28 days at –20°C, was three times lower, com-
pared to the isolates without addition of k-carragenan. The “lag-phase" of
these samples was considerably longer, causing decrease of specific growth
rate in the first four hours of cultivation. It is interesting to mention that the
mean specific growth rate, determined during 24 hours is higher for isolates
from frozen dough samples prepared with k-carragenan, than for solates from
frozen doughs without k-carragenan.
The results of fermentative activity of pure S. cerevisiae cultures isolated
from frozen dough samples, with and without k-carragenan, are presented in
Table 3.
Tab. 3 — Fermentative activity of pure Saccharomyces cerevisiae cultures isolated from frozen
dough samples, with and without k-carragenan
Days of
keeping at
–20°C
Place of cell
sampling
cm3 CO2/1g dry matter
Without
k-karagenan
With
k-karagenan
0
on surface 46.41 96.29
in the middle 41.62 87.56
1
on surface 43.80 93.15
in the middle 42.26 67.47
7
on surface 43.90 68.68
in the middle 41.90 49.90
14
on surface 43.00 62.22
in the middle 39.80 49.10
28
on surface 42.04 46.88
in the middle 34.48 34.82
The fermentative activity of pure cultures isolated from frozen dough
samples, containing k-carragenan, was about 2 times higher compared to pure
cultures isolated from dough without k-carragenan (Table 3). This can be
explained by the fact that this hydrocolloid binds the water around yeast cells,
and protects them from freezing, preventing the formation of large ice crystals
which can damage the cell wall and cytoplasmatic cell membrane.
It is interesting to mention that the fermentative activity of cells on dough
surface is higher compared to the cells from the middle part. It leads to a con-
clusion that yeast cells, isolated from the dough surface, are less damaged by
the freezing process, than the ones isolated from the middle.
The results of fermentative activity determination for cells isolated from
frozen doughs after 28 days, show that the change of this characteristic is in-
significant for dough samples without k-carragenan.
297Respiratory activity e.g. content of cytochromes after multiplication for
24 h, under aerobic conditions, was also determined in pure cultures, isolated
from frozen dough samples, with and without addition of k-carragenan (Tables
4 and 5).
Tab. 4 — Influence of storage time on cytochrome content in pure culture cells isolated from do-
ugh samples
Days of
keeping at
–20°C
Place of cell
sampling
Cytochrome moles x 105/kg yeast with 25% dry matter
aa3 bc
605 nm 444 nm 560 nm 532 nm 520 nm 550 nm
0
on surface 6.45 4.76 6.98 6.28 4.39 5.68
in the middle 5.32 3.72 5.76 5.76 3.92 4.76
1
on surface 5.24 4.33 6.68 5.46 3.34 5.27
in the middle 2.62 3.17 4.97 4.82 2.47 3.22
7
on surface 0.88 2.66 4.81 4.79 2.39 2.93
in the middle 0.87 2.10 4.70 4.72 2.35 2.89
14
on surface 0.65 2.70 5.76 5.73 2.85 7.00
in the middle 0.57 2.70 5.48 4.82 2.40 5.98
28
on surface 0.42 2.94 5.04 3.45 1.51 6.70
in the middle 0.37 2.58 4.99 3.00 1.45 5.70
The time of storage affects negatively the content of cytochromes aa3,b
and c (Table 4). The decrease of cytochromes aa3 content is the highest, and of
cytochromes b, the lowest. Cytochrome content decrease points to lower acti-
vity of respiratory enzymes, which provide energy for the growth of cells. Due
to decreased enzyme activity, the yeast cells have no energy necessary for the
growth, resulting in decrease of specific cell growth activity.
Tab. 5 — Influence of storage time on cytochrome content in pure isolate cells, isolated from fro-
zen dough samples containing k-carragenan
Days of
keeping at
–20°C
Place of cell
sampling
Cytochrome moles x 105/kg yeast with 25% dry matter
aa3 bc
605 nm 444 nm 560 nm 532 nm 520 nm 550 nm
0
on surface 5.76 4.79 6.76 6.25 4.47 5.47
in the middle 4.86 4.52 5.82 5.55 3.98 4.92
1
on surface 4.25 2.86 6.31 4.90 2.47 4.05
in the middle 3.86 2.26 4.14 4.58 3.63 5.86
7
on surface 0.99 2.29 6.29 4.72 3.53 5.78
in the middle 0.72 1.76 5.08 3.79 1.89 4.14
14
on surface 0.00 2.26 4.67 4.66 2.37 5.70
in the middle 0.00 1.66 3.99 3.58 1.85 3.90
28
on surface 0.00 1.29 3.89 4.66 2.33 4.76
in the middle 0.00 1.16 3.19 3.58 1.85 3.90
k-carragenan has no positive effect on the content of cytochromes in
yeast cells (Table 5). In yeast cells isolated after 14 days from frozen dough
298storage, the content of cytochromes aa3 is about 10 times lower, the contents
of cytochromes b and c are also lower, compared to the samples from frozen
dough without k-carragenan.
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UTICAJ ZAMRZAVAWA KVASNIH TESTA NA METABOLIZAM
SACCHAROMYCES CEREVISIAE
Dušanka J. Pejin, Irena S. Došanoviã, Stevan D. Popov,
Zvonimir J. Suturoviã, Jovana A. Rankoviã,
Siniša N. Dodiã, Jelena M. Dodiã, Vesna M. Vuåuroviã
Tehnološki fakultet, Bulevar Cara Lazara 1, 21000 Novi Sad, Srbija
Rezime
U pekarskoj proizvodwi raste potreba za zamrzavawem kvasnih testa. Zamr-
znuta kvasna testa mogu se dugo åuvati u zamrznutom stawu bez gubitka kvaliteta.
Na ovaj naåin moÿe se poveãati kapacitet pekarske proizvodwe, a na taj naåin
smawiti potreba za noãnim radom pekara. Procesom zamrzavawa kvasnih testa
mogu se oštetiti kvasne ãelije i wihov enzimski sistem tako da ãe nakon od-
mrzavawa kvasno testo imati lošiji tehnološki kvalitet (produÿeno vreme
fermentacije testa). U radu je ispitivano kako period åuvawa zamrznutog kva-
snog testa utiåe na procenat preÿivqavawa Saccharomyces cerevisiae. Period
åuvawa kvasnog testa je bio 28 dana, na temperaturi „–20°S". Tokom ovog perio-
da uzimani su uzorci za ispitivawe nakon 1, 7, 14. i 28. dana. U navedenim pe-
riodima uzorci su odmrzavani na sobnoj temperaturi i sa površine i iz unu-
trašwosti testa (pod aseptiånim uslovima) uzimani su uzorci kvasnog testa i
u wima je odreðivan procenat preÿivelih ãelija Saccharomyces cerevisiae. To-
kom åuvawa kvasnog testa u zamrznutom stawu smawivao se postepeno broj pre-
ÿivelih ãelija Saccharomyces cerevisiae. Nakon 28. dana åuvawa kvasnog testa
300u zamrznutom stawu procenat preÿivelih ãelija na površini testa je bio
53,11%; a u unutrašwosti testa je bio 54,95%. Dodatak k-karagenana u testo po-
veãao je procenat preÿivelih ãelija u unutrašwosti zamrznutog testa i do
64,63%. Od preÿivelih ãelija S. cerevisiae iz zamrznutih testa metodom agarnih
ploåa (Kohovom metodom) izolovane su åiste kulture. Åiste kulture umnoÿavane
su, do potrebnih koliåina, u optimalnoj teånoj podlozi za kvasce. U ãelijama S.
cerevisiae odreðivan je sadrÿaj citohroma spektrofotometrijskom metodom. Do-
bijeni rezultati sadrÿaja citohroma su pokazali da proces zamrzavawa kvasnog
testa nije uticao negativno na sarÿaj citohroma u preÿivelim ãelijama S. cere-
visiae. Umnoÿenim ãelijama odreðivana je brzina rasta i fermentativna aktiv-
nost Einchor-ovom metodom.
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